INTRODUCTION
Microwave remote sensing instruments operating at L-band have shown a good sensitivity to SMC. Higherfrequency (i.e. starting from C-band) radiometers, and scatterometers are significantly affected by vegetation cover, while optical sensors additionally suffer from weather conditions and clouds. It is well known that L-band radiometry provides higher sensitivity to SMC. On the other hand, L-band radiometers require large antennas to improve the associated spatial resolution. Different approaches for SMC determination from space have been implemented: a) ESA's Soil Moisture Ocean Salinity (SMOS) mission uses a ~ 8 m aperture deployable antenna and synthesis methods to achieve a ~ 50 km resolution; b) NASA's Soil Moisture Active Passive (SMAP) mission uses a ~ 14 rev/min rotating 6 m real-aperture reflector antenna, providing ~ 40 km of resolution. An adequate performance ~ [0.1,1] km for applications associated with hydrometeorology, hydrology, and agriculture is however not yet provided. Downscaling techniques have been proposed to improve the resolution. In the SMOS-case [1, 2] , the use of pixel disaggregation and data from auxiliary sensors operating at different frequency bands provide an improved resolution up to ~ 1 km [3] . SMAP uses a non-imaging SAR to downscale digital radiometer data, providing ~ 10 km resolution SMC maps and ~ 3 km freeze-thaw maps [4] [5] [6] . More recently, a new algorithm was proposed that focuses on the use of the scattering coefficient for downscaling brightness temperatures from which SMC is retrieved [7] . Radar observations could improve the optical/thermal observations due to their sensitivity to SMC over a wider dynamic range and continuous availability for all weather conditions. GNSS-R [8, 9] multi-static radar measurements can potentially be used synergistically with radiometers as a means to improve the spatial resolution in a cost-effective way. GNSS-R uses navigation signals as signals of opportunity, so that the platform power requirements are reduced as compared to monostatic radar missions. Furthermore, GNSS-R techniques require relatively small antennas, and thus they can be affordable in constellations of small satellites. At present, there are three missions providing GNSS-R data from space: UK-TDS-1 [9] , CyGNSS [10] , and SMAP [11, 12] . In this work, data from CyGNSS 8-microsatellites constellation are used together with SMAP radiometer data to evaluate the relationship between the bistatic reflectivity rl  and the normalized first Stokes parameter ( I / 2 ), as a function of SMC and τ.
DATA AND METHODS

CyGNSS AND SMAP DATA
CyGNSS's high-priority mission objective is the study of tropical cyclones. Thus, the selected orbital configuration of each of these 8-GNSS-R receivers (operating at a frequency of 1. inclination angle of 28° (antenna boresight). Here, the application of CyGNSS is extended to land surfaces studies using CyGNSS Level 1 Science Data Record [13] [14] [15] . Over land surfaces, the scattering is mostly coherent so that the spatial resolution is limited by approximately half of the first Fresnel zone i.e. ~ 150 m (depending on the geometry) [16] . SMAP's high-priority mission objective is to provide global (and thus, the operation from a Sun-Synchronous Orbit, with 6 a.m.-6 p.m. equatorial crossing times) SMC maps with a resolution of at least ~ 10 km, and with an accuracy of 0.04 cm 3 /cm 3 . This is achieved using the combination of active-passive information. SMAP's 36 dBgain dual-polarization (Horizontal-H & Vertical-V) antenna reflector points to the Earth's surface with an incident angle of inc  ~ 40°. The approximately constant incident angle simplifies the data processing and enables accurate repeat pass for SMC estimation. Unfortunately, the radar HighPower Amplifier failed on 7 th July 2015, leaving only the possibility to operate the receiver as a radiometer (operating at a frequency of 1.227 GHz). In this work, SMAP Level L3 SPL3SMP_E Version 1.0) [17, 18] are used.
GRIDDING AND TARGET AREAS
The selected temporal data-window corresponds to September-October 2017 (1 month). High SMC values and no ice/snow over the monitored surfaces are expected during the first weeks of autumn (North hemisphere) and spring (South hemisphere). The selected CyGNSS data are associated to inc  = [30,50]°, relatively close to those inside the SMAP's antenna beamwidth (half power = 2.5°) [18] , so as to minimize the impact of inc  on rl  , while providing enough sampling of the surface. GNSS-R sampling characteristics are non-homogeneous because they depend on the geometry. On the other hand, SMAP's antenna boresight rotates ~ 14 rev/min about Nadir, providing a ~ 1000 km wide-swath [18] . A 0.1° by 0.1° latitude/longitude grid is selected, and data are averaged using a moving window in steps of 0.1°. The associated spatial resolution is ~ 10 km at equatorial latitudes. The reflectivity rl  is estimated as the peak of the Different target areas can be monitored belonging to a wide land-surface types variability: Sahara (Barren), Pampas (Cropland), US Midwest (Grassland), Murrumbidgee (Open Shrubland), Tanzania (Savanna), Northeast Region of Brazil (Woody Savanna), Amazon (Evergreen Broadleaf Forest). In this paper, the analysis is focused on Pampas and Amazon. A more exhaustive study including further areas is in progress.
SPACEBORNE BISTATIC REFLECTIVITY AND FIRST STOKES PARAMETER FUNCTIONAL RELATIONSHIP: PREMILINARY RESULTS
SMAP L-band radiometer measures the microwave emission in the form of the brightness temperature of the land surface, while CyGNSS L-band GNSS reflectometer measures the energy forward-scattered from the land surface after transmission of the navigation signals of opportunity. The functional relationship between these "active" and passive observations could be potentially used as a keyparameter for downscaling radiometer data, Fig. 3c,d ]. The range of rl  is common in all the plots and the ranges of I / 2 , SMC, and τ have been adapted to each target area.
This strategy is assumed to provide inter-comparable plots and at the same time, showing full variability. Both, SMC and τ gradients can be observed in both areas Pampas and Amazon, from dry soils to wet soils. An inverse relationship is found between CyGNSS and SMAP passive observations with SMC, but also a clear influence of τ. The relationship is sensitive to changes on the vegetation cover type, from cropland (Pampas) to broadleaf forests (Amazon). The functional relationship between both types of sensors is different from that associated to previous SAR-based studies.
The I / 2 dynamic range is reduced from ~ 100 K to Fig. 3d ], which seems to indicate that the strong coherent scattering component is partially attenuated by the vegetation (Fig. 8 in [11] ). For τ higher than ~ 1.2, rl  decreases, while SMC keeps roughly constant. It is also worth noting that the inland water bodies could also explain the low I / 2 dynamic range.
CONCLUSIONS
This preliminary analysis has shown a promising correlation between spaceborne GNSS-R and microwave radiometry, using data collected from CyGNSS and SMAP: 
